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IN THE CLAIMS 

Please cancel claims 2, 4, 5, 6, 12, 14, 15, 16, 23, 24, 25, and 2(5, and amend claims 1, 11, and 
21 as follows: 

1 . (CURRENTLY AMENDED) A method of estimating a momentum to be removed 
from a spacecraft: 

generating a plurality of spacecraft momentum measurements; 

fitting the plurality of spacecraft momentum measurements to a parametric model of a 
spacecraft momentum profile having a time period of t p \ 

determining the momentum of the spacecraft from the parametric model; and 
generating an estimate of the momentum to be removed from the spacecraft at least in part 
from the determined momentum of the spacecraft; 

wherein the generating a plurality of spacecraft momentum measurements comprises 
measuring the spacecraft angular rate; 

measuring an angular rate of a momentum storage device disposed in the satellite; 

and 

computing the momentum of the spacecraft at least in parr from the spacecraft 
angular rate, the momentum storage device angular rate, and an inertia of die spacecraft and an 
inertia of the momentum storage device[[.]] :and 

wherein the period spacecraft momentum profile comprises a plurality of segments, each 
segment modeled by_fl_set of basis functions selected from the group comprising a 3^ order 
polynomial, and each segment is an hour in duration. 

2. (CANCELED) 

3. (ORIGINAL) The method of claim 1, further comprising the step of filtering the 
plurality of spacecraft momentum measurements before fitting the spacecraft momentum 
measurements to the parametric model 
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4. (CANCELED) 

5. (CANCELED) 

6. (CANCELED) 

7. (ORIGINAL) The method of claim 1, wherein the step of estimating the amount of 
momentum to be removed 6om the spacecraft comprises the steps of: 

determining a secular momentum residual at least in part from the momentum of the 
spacecraft determined from the parametric model; 
determining a momentum bias error; and 

determining the amount of momentum to be removed from the spacecraft at least in part 
from the measured momentum bias error and the secular momentum residual 

8. (ORIGINAL) The method of claim 7, wherein the step of determining a secular 
momentum residual at least in part from the momentum of the spacecraft comprises the steps of: 

filtering the spacecraft momentum measurements; and 

determining a difference between a spacecraft momentum measurement at a scheduled time 
for removing the momentum from the spacecraft and the estimate of the spacecraft momentum at 
a time one time period t p prior to the scheduled time for removing the momentum from the 
spacecraft. 
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9. (PREVIOUSLY PRESENTED) The method of claim 8, wherein the step of 
decemrining a momentum bias error comprises the seeps of: 

determining the measured momentum bias at least in part from ^ MAX ^^ MIN . , wherein 

-^W the maximum momentum observed during the time period t p and M MIN is a minimum 
momentum observed during the time period t p ; and 

detcrrmning the momentum bias error as a difference between the measured momentum 
bias and a commanded momentum bias, 

10. (ORIGINAL) The method of claim 9, wherein spacecraft momentum is at least 
partially periodic with time period t p . 
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1 1 . (CURRENTLY AMENDED) An apparatus for estimating a momentum to be 
removed from a spacecraft: 

means for generating a plurality of spacecraft momentum measurements; 

means for fitting the plurality of spacecraft momentum measurements to a parametric model 
of a spacecraft momentum profile having a time period of t p ; 

means fox determiriing the momentum of the spacecraft from the parametric model; and 
means for generating an estimate of the momentum to be removed from the spacecraft at 

least in part from the determined momentum of the spacecraft; 

wherein the spacecraft comprises a momentum storage device, and wherein the means for 

generating a plurality of spacecraft momentum measurements comprises 
means for measuring the spacecraft angular rate; 

means for measuring an angular rate of a momentum storage device disposed in the 

satellite; and 

means for computing the momentum of the spacecraft at least in part from the 
spacecraft angular rate, the momentum storage device angular rate, and an inertia of the spacecraft 
and an inertia of the momentum storage device[[J] : and 

wherein the period spacecraft momentum profile comprises a plurality of segments^ each 
segment modeled by a set of basis funcrions selected _frorn the group comprising a 3" order 
polynomial, and each segment is an hour in duration. 



12. (CANCELED) 

13. (ORIGINAL) The apparatus of claim 11, further comprising means for filtering the 
plurality of spacecraft momentum measurements before fitting the spacecraft momentum 
measurements to the parametric model. 

14 (CANCELED) 
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15. (CANCELED) 

16. (CANCELED) 

17. (ORIGINAL) The apparatus of claim 11, wherein the means for estimating the 
amount of momentum to be removed from the spacecraft comprises: 

means for determining a sec ular momentum residual at least in part from the momentum of 
rhe spacecraft determined from the parametric model; 

means for determining a momentum bias error; and 

means for determining rhe amount of momentum to be removed from the spacecraft at least 
in part from the measured momentum bias error and the secular momentum residual 

18. (ORIGINAL) The apparatus of claim 17, wherein the means for determining a 
secular momentum residual at lease in part from the momentum of the spacecraft comprises: 

means for filtering the spacecraft momentum measurements; and 
means for determining a difference between a spacecraft momentum measurement at a scheduled 
time for removing the momentum from the spacecraft and the estimate of the spacecraft 
momentum at a time one time period t p prior to the scheduled time for removing the momentum 
from the spacecraft 

19. (PREVIOUSLY PRESENTED) The apparatus of cLtim 18, wherein the means for 
determining a momentum bias error comprises: 

M MAX + M mm 

means for determining the measured momentum bias at least in part from , 

wherein M MAX is the maximum momentum observed during the time period t p and M MJh/ is a 
minimum momentum observed during the time period X p ; and 

means for deter mining [[a]] the momentum bias error as a difference between the measured 
momentum bias and a commanded momentum bias. 
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20. (ORIGINAL) The apparatus of claim 19, wherein spacecraft momentum is at least 
partially periodic with time period*^ . 

21. (CURRENTLY AMENDED) An apparatus for estimating a momentum to be 
removed from a spacecraft: 

a first module for accepting a plurality of spacecraft momentum measurements and for 
fitting the plurality of spacecraft momentum measurements to a parametric model of a spacecraft 
momentum profile having a time period of t p ; 

a second module for determining the momentum of the spacecraft from the parametric 

model; 

a third module for generating an estimate of the momentum to be removed from die 
spacecraft at least in pare from the determined momentum of the spacecraft; and 

a filter for filtering the plurality of spacecraft momentum measurements before fining the 
spacecraft momentum measurements to the parametric model [[.]] : and 

wherein the period spacecraft momentum profile comprises a pluralityLO.f^egments. each 
segment modeled by a set of basis functions selected from the group comprising a 3 TC order 
polynomial, and each segment is an hour in duration, 

22. (ORIGINAL) The apparatus of claim 21, further comprising a processor, and 
wherein the first module, the second module, and the third module are software modules 
comprising instructions performable by the processor. 

23. (CANCELED) 

24. (CANCELED) 

25. (CANCELED) 

26. (CANCELED) 
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27. (ORIGINAL) The apparatus of claim 21, wherein the third module comprises: 
a fourth module fox determining a secular momentum residual at least in part from the 

momentum pf the spacecraft determined from the parametric model; 
a fifth module for determining a momentum bias error; and 

a sixth module for determining the amount of momentum to be removed from the 
spacecraft at least in part from the measured momentum bias error and the secular momentum 
residual. 

28. (ORIGINAL) The apparatus of claim 27, wherein: 

the apparatus further comprises a filter for filtering the spacecraft momentum 
measurements; and 

the fourth module comprises a differencer for determining a difference between a spacecraft 
momentum measurement at a scheduled time for removing the momentum from the spacecraft and 
the estimate of the spacecraft momentum at a time one time period t p prior to the scheduled time 
for removing the momentum from the spacecraft. 

29. (PREVIOUSLY PRESENTED) The apparatus of claim 27, wherein the fifth 
module comprises: 

a seventh module for determining the measured momentum bias at least in part from 



M MAX +M MIN ^ ^grc^ M MAX is the maximum momentum observed during the rime period t p 



and M MSN is a minimum momentum observed during the time period t p ; and 

an eighth module for determining [[a]] the momentum bias error as a difference between the 
measured momentum bias and a commanded momentum bias. 

30. (ORIGINAL) The apparatus of claim 29, wherein spacecraft momentum is at least 
partially periodic with time period t p . 
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31. (PREVIOUSLY PRESENTED) A method of estimating a momentum to be 
removed from a spacecraft: 

generating a plurality of spacecraft momentum measurements; 

fitting the plurality of spacecraft momentum measurements to a parametric model of a 
spacecraft momentum profile having a time period of t p ; 

detenriining the momentum of the spacecraft from the parametric model; and 
generating an estimate of the momentum to be removed from the spacecraft at least in part 
from the deter m ined momentum of the spacecraft; 

wherein the step of estimating the amount of momentum to be removed from the spacecraft 
comprises the steps of: 

deteirnjning a secular momentum residual at least in part from the momentum of the 
spacecraft determined from the parametric model; 

determining a momentum bias error; and 

determining the amount of momentum to be removed from the spacecraft at least in 
part from the measured momentum bias error and the secular momentum residual 

32. (PREVIOUSLY PRESENTED) The method of claim 31, wherein the step of 
determining a secular momentum residual at least in part from the momentum of the spacecraft 
comprises the steps of: 

filtering the spacecraft momentum measurements; and 

detejmining a difference between a spacecraft momentum measurement at a scheduled time 
for removing the momentum from the spacecraft and the estimate of the spacecraft momentum at 
a time one time period t p prior to the scheduled time for removing the momentum from the 
spacecraft. 
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33. (PREVIOUSLY PRESENTED) The method of claim 32, wherein the step of 
deter mining a momentum bias error comprises the steps of: 

determining the measured momentum bias at least in part from f wherein 

Mj^ix is the maximum momentum observed during the time period t p and M MJN is a minimum 
momentum observed during the rime period t p ; and 

determining the momentum bias error as a difference between the measured momentum 
bias and a commanded momentum bias. 

34. (PREVIOUSLY PRESENTED) The method of claim 33, wherein spacecraft 
momentum is at least partially periodic with rime period t p . 

35. (PREVIOUSLY PRESENTED) The method of claim 31, wherein the spacecraft 
comprises a momentum storage device* and wherein the step of generating a plurality of spacecraft 
momentum measurements comprises the steps ofi 

measuring the spacecraft angular rate; 

measuring an angular rate of a momentum storage device disposed in the satellite; and 
computing the momentum of the spacecraft at least in part from the spacecraft angular rate, 

the momentum storage device angular rate, and an inertia of the spacecraft and an inertia of the 

momentum storage device. 

36. (PREVIOUSLY PRESENTED) The method of claim 31, further comprising the 
step of filtering the plurality of spacecraft momentum measurements before fitting the spacecraft 
momentum measurements co the parametric model. 

37. (PREVIOUSLY PRESENTED) The method of claim 31, wherein the periodic 
spacecraft momentum profile comprises a plurality of segments, each segment modeled by a set of 
basis functions. 
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38. (PREVIOUSLY PRESENTED) The method of claim 37, wherein the set of basis 
functions is selected from the group comprising: 

a polynomial; and 
a Fourier series. 

39. (PREVIOUSLY PRESENTED) The method of claim 38, wherein the set of basis 
functions is a 3°* order polynomial, and each segment is one hour in duration. 

40. (PREVIOUSLY PRESENTED) An apparatus for estimating a momentum to be 
removed from a spacecraft: 

means for generating a plurality of spacecraft momentum measurements; 
means for fitting the plurality of spacecraft momentum measurements to a parametric model 
of a spacecraft momentum profile having a time period of t p ; 

means for determining the momentum of the spacecraft from the parametric model; and 
means for generating an estimate of the momentum to be removed from the spacecraft at 
least in part from the determined momentum of the spacecraft^ 

wherein the means for estimating the amount of momentum to be removed from the 
spacecraft comprises: 

means for determining a secular momentum residual at least in part from the 
momentum of the spacecraft determined from the parametric model; 

means for determining a momentum bias error; and 

means for determtning the amount of momentum to be removed from the 
spacecraft at least in part from the measured momentum bias error and the secular momentum 
residual 
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41- (PREVIOUSLY PRESENTED) The apparatus of claim 40, wherein Ac means for 
deteimining a secukr momentum residual at least in part from the momentum of the spacecraft 
comprises: 

means for filtering the spacecraft momentum measurements; and 
means for determining a difference between a spacecraft momentum measurement at a scheduled 
time for removing the momentum from the spacecraft and the estimate of the spacecraft 
momentum at a time one time period t p prior to the scheduled time for removing the momentum 
from the spacecraft. 

42. (PREVIOUSLY PRESENTED) The apparatus of claim 41, wherein the means for 
determining a momentum bias error comprises: 



means for determining the measured momentum bias at least in part from 



[ MAX ^ ir± AON 



2 

wherein is the maximnm momentum observed during the time period T p and Af MA , is a 

mmitrmm momentum observed during the time period t p ; and 

means for determining the momentum bias error as a difference between the measured 
momentum bias and a commanded momentum bias. 

43. (PREVIOUSLY PRESENTED) The apparatus of claim 42, wherein spacecraft 
momentum is at least partially periodic with time period i p . 
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44. (PREVIOUSLY PRESENTED) The apparatus of claim 40, wherein the spacecraft 
comprises a momentum storage device) and wherein the means for generating a plurality of 
spacecraft momentum measurements comprises: 

means for measuring the spacecraft angular rate; 

means for measuring an angular rate of a momentum storage device disposed in the satellite; 

and 

means for computing the momentum of the spacecraft at least in part from the spacecraft 
angular rate, the momentum storage device angular rate, and an inertia of the spacecraft and an 
inertia of the momentum storage device. 

45. (PREVIOUSLY PRESENTED) The apparatus of claim 40, further comprising 
means for filtering the plurality of spacecraft momentum measurements before fitting the spacecraft 
momentum measurements to the parametric model. 

46. (PREVIOUSLY PRESENTED) The apparatus of claim 40, wherein the periodic 
spacecraft momentum profile comprises a plurality of segments, each segment modeled by a set of 
basis functions. 

47. (PREVIOUSLY PRESENTED) The apparatus of claim 46, wherein the set of basis 
functions is selected from the group comprising: 

a polynomial; and 
a Fourier series. 

48- (PREVIOUSLY PRESENTED) The apparatus of claim 47, wherein the set of basis 
functions is a 3 rd order polynomial, and each segment is one hour in duration. 
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49. (PREVIOUSLY PRESENTED) An apparatus for estimating a momentum to be 
removed from a spacecraft: 

a first module for accepting a plurality of spacecraft momentum measurements and for 
fitting the plurality of spacecraft momentum measurements to a parametric model of a spacecraft 
momentum profile having a time period of t ; 

a second module for determining the momentum of the spacecraft from the parametric 
model; and 

a third module for generating an estimate of the momentum to be removed from the 
spacecraft at least in part from the determined momentum of the spacecraft; 
wherein the third module comprises: 

a fourth module for determining a secular momentum residual at least in part from 
the momentum of the spacecraft determined from the parametric model; 

a fifth module for determining a momentum bias error; and 

a sixth module for determining the amount of momentum to be removed from the 
spacecraft at least in part from the measured momentum bias error and the secular momentum 
residual. 

50. (PREVIOUSLY PRESENTED) The apparatus of claim 49, wherein: 
the apparatus further comprises a filter for filtering the spacecraft momentum 

measurements; and 

the fourth module comprises a differencer for determining a difference between a spacecraft 
momentum measurement at a scheduled time for removing the momentum from the spacecraft and 
the estimate of the spacecraft momentum at a time one time period t p prior to the scheduled time 
for removing the momentum from the spacecraft. 
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51 . (PREVIOUSLY PRESENTED) The apparatus of claim 49, whetein the fifth 
module comprises: 

a seventh module for detexmioing the measured momentum bias at least in pare from 
M^+M^ ^ wherem M ^ ^ [he maximum momentum obserV ed during the time period t p 

and is a minimum momentum observed during the time period t p ; and 

an eighth module for deteraiining the momentum bias earor as a difference between the 
measured momentum bias and a commanded momentum bias. 

52. (PREVIOUSLY PRESENTED) The apparatus of claim 51 , wherein spacecraft 
momentum is at least partially periodic with time period T p . 

53. (PREVIOUSLY PRESENTED) The apparatus of claim 49, further comprising a 
processor, and wherein the first module, the second module, and the third module are software 
modules comprising instructions pcrformable by the processor. 

54. (PREVIOUSLY PRESENTED) The apparatus of claim 49, further comprising a 
filter for filtering the plurality of spacecraft momentum measurements before fitting the spacecraft 
momentum measurements to the parametric model. 

55. (PREVIOUSLY PRESENTED) The apparatus of claim 49, wherein the periodic 
spacecraft momentum profile comprises a plurality of segments, each segment modeled by a set of 
basis functions. 

56. (PREVIOUSLY PRESENTED) The apparatus of claim 55, wherein the set of basis 
functions is selected from the group comprising: 

a polynomial; and 
a Fourier series. 
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57. (PREVIOUSLY PRESENTED) The apparatus of claim 56, wherein the set of basis 
functions is a 3 ri order polynomial, and each segment is one hour in duration. 



-16- 

G&C 147.142-US-01 



PAGE 19/21 * RCVD AT 6/22^006 8:16:43 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS:2738300 * CSID:+13106418798 * DURATION (mm^ss):0442 



